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Problem 1 (ECE Core)

Code Number

Periodic continuous-time signal x(t) is shown below.

0 1 2 3

x(t)

t4-1-2

e−2t

Find the Fourier-series coefficients, ck, for x(t).
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Code Number _________________

Problem 4 (ECE core)

What is the maximum current i1 that can be provided to the load in the circuit below?

load+
−

20Ω 25Ω

5Ω30V i1

What is the maximum power that can be transferred to the load?
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         Code number ____________ 

Problem 6 (ECE core)

For the Sallen-Key biquadratic circuit (shown) and the simulation results of its Bode magnitude plot, 
determine 

(a) Simulated (extract from Bode plot) and the analytical 
values for quality factor Q,  

(c)  Analytical values for characteristic frequency  f0 and 
for (the expected) fpeak.

 (e)  On the Bode magnitude plot the 3dB levels to each 
side of the peak are marked by the two cursors, which are 
extended to the empty phase plot below.  Trace the 
expected phase plot for this circuit on the empty phase 
plot.  Be sure to identify the correct phase values at each 
of the two 3dB levels 

(Magnitude plot) 

(Phase plot)





Code Number____________ 
Problem 8 (ECE Core) 

ECE 3714 (Digital Devices) PhD Qualifying Exam 
 
 

A. Give the truth table of the logic network below: 
 

 
 

 
 
 
 
 
B. Complete the timing diagram for the Y output for all clock cycles. 

DFF is rising edge 
triggered 

asynchronous reset, high-true 

D Flip-Flop 

D 

Y?? 

CLK 
R 

R 

D

CLK 

Y

R
Q’C

QD



Code Number____________ 
Problem 8 (ECE Core) 

C.   The ASM chart below specifies the behavior for the finite state machine that is controlling the counter 
that is shown.   On the timing diagram, fill out the waveforms for the State, ld, en, and Q values given the 
Start and D values shown.  Draw the waveforms through state S2 of the ASM.   Assume the counter and 
FSM are rising-edge triggered. 
 
 

Counter  
 

CLK

$ 40 $ 50 $70$ 60 $ 90 $ 08 $ 04D

Start

Start?

S0

S1

S2

0

1

ASM

ld

en

en

ld

D

Q
8

8

Q[7:0]

D[7:0]

FSM

ClkClk

ld
start

en
sclr

ensclr

State S0

ld

en

Q

CLK

$ 40 $ 50 $70$ 60 $ 90 $ 08 $ 04D

Start

Start?

S0

S1

S2

0

1

ASM

ld

en

en

Start?

S0

S1

S2

0

1

ASM

ld

en

en

ld

D

Q
8

8

Q[7:0]

D[7:0]

FSM

ClkClk

ld
start

en
sclr

ensclr

ld

D

Q
8

8

Q[7:0]

D[7:0]

FSM

ClkClk

ld
start

en
sclr

ensclr

State S0

ld

en

Q

Finite state machine

Counter behavior (ALL output changes occur on rising clock edge!)  
  When en is asserted, the counter counts up. 
  When ld is asserted, the counter loads from the D inputs. 
   When sclr is asserted, the counter is cleared. 
 
If neither en, ld, or sclr is asserted, the counter holds the current value. 



Code Number____________ 
Problem 9 (ECE Core) 

ECE 3724 (Microprocessors) PhD Qualifying Exam 
 
Assume a microprocessor with R0 thru R7 16-bit registers. The processor has Z (zero), C (carry), N 
(negative, value of Most Significant Bit of result), and V (2’s complement overflow) status flags. Multi-
byte values are assumed stored in little-endian order in memory (Least Significant Byte first). All load and 
store operations move 16-bit values from/to memory. 
 
Some instructions for this processor are 
 
 
LDI    16-bit immediate, Rn         16-bit imm   Rn       -- loads a 16-bit immediate, no flags affected 
 
LD     [Rx,n], Ry                             [Rx+n]  Ry                   -- the contents of memory location [Rx +n] is 
loaded into register Ry.  No flags affected. ‘n’ is an 8-bit 2’s complement offset. 
 
 
ST      Ry, [Rx,n]                            Ry  [Rx+n]                    -- the contents of Register Ry is stored at 
memory location [Rx+n], no flags affected. ‘n’ is an 8-bit 2’s complement offset. 
 
TEST   Rx,Ry                                      Rx-Ry                    -- performs Rx-Ry for testing purposes, all flags 
are affected, no register contents are altered. Carry flag is set to ‘1’ if no borrow occurs, Carry is cleared to 
‘0’ if borrow occurs. 
 
ADD       Rx,Ry, Rz                        Rx + Ry   Rz                      -- add operation, all flags affected 
 
ADDC     Rx,Ry, Rz                        Cflag + Rx + Ry   Rz         -- add with carry operation, all flags 
affected 
 
SUB       Rx,Ry, Rz                        Rx - Ry   Rz                      -- subtract operation, all flags affected. 
Carry flag is set to ‘1’ if no borrow occurs, Carry is cleared to ‘0’ if borrow occurs. 
 
SUBB     Rx,Ry, Rz                       Rx – Ry – NOT(CFLAG)   Rz       -- subtract with borrow operation, 
all flags affected 
 
 
 
BZ       address                  (branch on Z=1 to address) 
BNZ    address                  (branch on Z=0 to address) 
BC       address                  (branch on C=1 to address) 
BNC    address                  (branch on C=0 to address) 
BV      address                  (branch on V=1 to address) 
BNV    address                  (branch on V=0 to address) 
BN       address                  (branch on N=1 to address) 
BNN    address                  (branch on  N=0 to address) 
BRA   address                   unconditional branch 
 
 



Code Number____________ 
Problem 9 (ECE Core) 

 Question:   
For the C code in the following questions, an ‘int’ is a 16-bit value (2 bytes), a ‘char’ is a 8-

bit value (1 byte), and a ‘long’ is a 32-bit value (4 bytes). Multi-byte values are stored in 

little endian order, Memory is byte addressable (all addresses refer to byte values). 

 
 
a. Write assembly code that implements the following C code fragment: 
 
         unsigned long r, s, t; 
        
         t = r + s; 
 
Assume that the variables are stored beginning at location 0x100 in memory.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. Write assembly code that implements the following C code fragment.  Assume that P, Q are 
stored in  memory beginning at location 0x100. 
 
unsigned int P,Q; 
 
do { 
        /// place holder for loop-body instructions, do not implement 
   }while (P > Q); 
 
 
 
 
 



          Code Number 

 

Problem 10 (ECE Core)   

 

Given a random process 

 !  !  !"#$ ttXtY %cos  

where  is a wide-sense stationary random process, % is a constant, and " is a random 

variable uniformly distributed on the interval 

 !tX
& '(( #)   .  

(a) Find the autocorrelation function of  !tY . 

(b) Find the cross-correlation function of  !tX  and  !tY . 

(c) Is Y  wide-sense stationary? Justify.  !t
 

 

 

 

 



Code Number _________________

Problem 11 (ECE Upper Level)

Consider the circuit below where VDD = 3.3V and the NFET threshold voltage is VTN = 0.6V.
Determine the output voltage vout under the different conditions given.

VDD VDD

vin vout

What the output voltage vout when vin = 1.4V?

What the output voltage vout when vin = 3.1V?



Code Number _________________

Problem 11 (ECE Upper Level)

(CONTINUED)

Now, consider the circuit below where VDD = 3.3V and the NFET threshold voltage is VTN =
0.6V. Determine the output voltage vout under the different conditions given.

VDD

va

voutvb

What the output voltage vout when va = 3.3V and vb = 3.3V?

What the output voltage vout when va = 3.3V and vb = 1.8V?

What the output voltage vout when va = 2.0V and vb = 2.5V?



Code Number ________ 

 

Problem 12 (ECE Upper Level) 

 
Assume that a direct-mapped cache has: Four 4-byte cache blocks (lines); 6-bit memory 
addresses; Write-back and write-allocate policy; memory-byte addressable; big endian byte-
ordering schemes. Assume that all accesses are to READ or WRITE a single byte. 
 
The initial conditions of the data cache memory and a part of memory are: 

 
a. Cache memory (initial condition):  

 
Index # valid dirty Tag Data (in hex) 

00 1 0 00 A1 A2 A3 A4
01 1 0 01 C5 C6 C7 C8
10 1 0 00 B1 B2 B3 B4
11 1 0 01 D5 D6 D7 D8

   
b. A part of Memory (initial condition) 

address Contents (in hex) address Contents (in hex) 
000000 A1 A2 A3 A4 011000 D1 D2 D3 D4
000100 A5 A6 A7 A8 011100 D5 D6 D7 D8
001000 B1 B2 B3 B4 100000 E1 E2 E3 E4
001100 B5 B6 B7 B8 100100 E5 E6 E7 E8
010000 C1 C2 C3 C4 101000 F1 F2 F3 F4
010100 C5 C6 C7 C8 101100 F5 F6 F7 F8

 
The processor of a load/store machine fetched and executes according to the following sequence 
of memory addresses (memory references, from ‘1’ to ‘7’).  

 

Order Memory reference Inst. Type Description 

1 100101 load  

2 101011 load  

3 100111   22 store Write ‘22’ to 100111. 

4 000101 load  

5 001000   33 store Write ‘33’ to 001000. 

6 011010   44 store Write ‘44’ to 011010 

7 000111 load  

 

 

1. Which of the memory references (from ‘1’ to ‘7’) will be misses? You can list the memory 

references by using ‘1’ to ‘7’. 

 

Misses:  

 

 



Code Number _________________

Problem 13 (ECE Upper Level)

How high can the voltage vworld be driven by a careless student before a diode current exceeds
525mA? What is the voltage at the MCU input pin? Assume that VDD = 5V.

Table 1: I − V data for the 1N4148 diode (a high conductance, fast diode)
Vdiode Idiode Vdiode Idiode Vdiode Idiode Vdiode Idiode
-100V -100 nA 0V 0A 550mV 250 µA 900mV 100mA
-70V -40 nA 275mV 1 µA 600mV 700 µA 1.0V 180mA
-50V -25 nA 300mV 2 µA 650mV 2mA 1.1V 270mA
-30V -20 nA 350mV 5 µA 700mV 5mA 1.2V 380mA
-20V -17 nA 400mV 15 µA 750mV 10mA 1.3V 525mA
-10V -15 nA 450mV 35 µA 800mV 20mA 1.4V 700mA
-5V -15 nA 500mV 100 µA 850mV 60mA 1.45V 850mA

vpin

VDD

450kΩ

1kΩ vworld
MCU

(Your analysis process is more important than the actual number, so clearly show how you arrive
at your answer)



Code Number _________________

Problem 13 (ECE Upper Level)

(CONTINUED)



Code Number _________ 

Problem 14 (ECE Upper Level) 

Design a circuit that generates a pulse-width modulated signal with 128 different voltage 
levels without using a shift register.  One constraint of the design is that it cannot use 
more than 50 flip-flops. 

inputs:
CLK  clock (~50MHz) 
REF_V fixed 7-bit input, represents the voltage level produced 
  also represents the number of ones in the PWM signal 

outputs:
 PWM_OUT The single-bit pulse-width modulated output 

Operation: 

a.  The module should output a PWM signal 128 bits long.  The number of ones 
output should be equal to the decimal value of REF_V.  If REF_V = 0001111, then 
the PWM output should output 16 ones, then 112 zeros, then repeat. 

c.  Your design can use counters, registers, flip-flops, gates, comparators, adders, 
subtractors, multipliers, muxes, but you cannot use a shift register.  (You also cannot 
build a shift register)  Use the circuit blocks below.

d.  You will need to draw the datapath, and give a plain English explanation for
your design.  You won’t need to use a finite state machine for this design.  You 
MUST label the size of all busses, and show their connections - don’t just assign 
names, draw connections.  (exception: you don’t have to connect the clock inputs) 

ld

D Q
Clk 

en
sclr

counter

N N

ld

D Q
Clk 

en
sclr

counter

N N

LT

Comparator

N
B

N
A

GT

EQ

EQ=1 if A==B;    LT = 1  if A < B

GT = 1 if A > B

LT

Comparator

N
B

N
A

GT

EQ

EQ=1 if A==B;    LT = 1  if A < B

GT = 1 if A > B

ld

D Q

Clk

register

N N

sclr

Q

register

N N
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Problem 17 (CSE Upper Level)
Code Number:

Ph.D. Qualifying Exam, Computer Engineering
CSE 4833 (Algorithms) Questions

You may find the following definitions useful when completing the rest of this exam.

Asymptotic Notation

Θ(g(n)) = {f(n) : there exist positive constants c1, c2, and n0 such that
0 ≤ c1g(n) ≤ f(n) ≤ c2g(n) for all n ≥ n0}

O(g(n)) = {f(n) : there exist positive constants c and n0 such that
0 ≤ f(n) ≤ cg(n) for all n ≥ n0}

Ω(g(n)) = {f(n) : there exist positive constants c and n0 such that
0 ≤ cg(n) ≤ f(n) for all n ≥ n0}

o(g(n)) = {f(n) : for any positive constant c, there exists a positive constant n0 such that
0 ≤ f(n) < cg(n) for all n ≥ n0}

ω(g(n)) = {f(n) : for any positive constant c, there exists a positive constant n0 such that
0 ≤ cg(n) < f(n) for all n ≥ n0}

The Master Theorem

Let a ≥ 1 and b > 1 be constants, let f(n) be a function, and let T (n) be defined on the nonnegative
integers by the recurrence

T (n) = aT (n/b) + f(n),

where we interpret n/b to mean either ⌊n/b⌋ or ⌈n/b⌉. Then T (n) can be bounded asymptotically
as follows:

Case 1: If f(n) = O(nlogb a−ǫ) for some constant ǫ > 0, then T (n) = Θ(nlogb a).

Case 2: If f(n) = Θ(nlogb a), then T (n) = Θ(nlogb a lg n).

Case 3: If f(n) = Ω(nlogb a+ǫ) for some constant ǫ > 0, and if af(n/b) ≤ cf(n) for some constant
c < 1 and all sufficiently large n, then T (n) = Θ(f(n)).

— 1 —



Problem 17 (CSE Upper Level)
Code Number:

Instructions: Answer the following question.

1. Place the asymptotic complexity class symbol between the following pairs of functions which
describes the tightest possible asymptotic relationship. In each case, your answer will be one
of little-o, big-O, Θ, Ω, ω.

(a) 16n2 = (8n3)

(b) 15n2 + n = (32n2 + n)

(c) 3n = (nn)

(d) 2n
1
2 = (4n

1
3 )

(e) n lg n = (lg(n!))

Instructions: Answer any one out of the remaining two questions (questions 2 and 3).

2. Consider the following procedure:

Go-Dawgs(A, p, r)
1 if (r − p + 1) > 3
2 then q ← ⌊(p + r)/3⌋
3 Go-Dawgs(A, p, q)
4 Go-Dawgs(A, q + 1, 2q)
5 Go-Dawgs(A, 2q + 1, r)
6 Selection-Sort(A, p, r)

(a) Illustrate the operation of Go-Dawgs in input A = 〈8, 4, 9, 3, 1, 6, 2, 5, 7〉, with the initial
call Go-Dawgs(A, 1, 9). Give the values of p and q at each recursive call. You do not have
to illustrate the operation of the call to Selection-Sort, just assume that it correctly sorts
its input.

(b) Give a recurrence equation T (n) which describes the running time of Go-Dawgs(n) as
a function of the input size n. In your equation include the boundary condition where the
recursion stops.

(c) Determine the asymptotic complexity of your recurrence T (n), using the master theorem.
Which case of the master theorem applies? Explain why this case applies and give the
complexity of T (n), showing your work.

— 2 —



Problem 17 (CSE Upper Level)
Code Number:

3. Consider the MST-Prim algorithm:

MST-Prim(G, w, r)
1 for each u ∈ V [G]
2 do key[u]←∞
3 π[u]← nil
4 key[r]← 0
5 Q← V [G]
6 while Q 6= ∅
7 u← Extract-Min(Q)
8 for each v ∈ Adj[u]
9 do if v ∈ Q and w(u, v) < key[v]
10 then π[v]← u
11 key[v]← w(u, v)

(a) Walk through the example shown below, assuming the initial call MST-Prim(G, w, a),
and indicate the key[v] and π[v] values for each vertex v.

�

� �

��
�

�

�

�

�

�

�

�

�

�

(b) Write the algorithm Print-MST(G), which walks through the processed graph G, prints
the minimum spanning tree, and then prints the cost of the minimum spanning tree.

(c) Indicate the time complexity of your algorithm Print-MST.

(d) Use Print-MST to walk through your output from part (a) above.

— 3 —


